Santa Clara University

Scholar Commons
Bioengineering Senior Theses

Engineering Senior Theses

6-8-2016

Suture Passing Device for Hyoid Susupension in
Sleep Apnea Surgery
Corbin Craven
Santa Clara Univeristy

Nicholas Leavengood
Santa Clara Univeristy

Solomon Mulugeta
Santa Clara Univeristy

Follow this and additional works at: https://scholarcommons.scu.edu/bioe_senior
Part of the Biomedical Engineering and Bioengineering Commons
Recommended Citation
Craven, Corbin; Leavengood, Nicholas; and Mulugeta, Solomon, "Suture Passing Device for Hyoid Susupension in Sleep Apnea
Surgery" (2016). Bioengineering Senior Theses. 52.
https://scholarcommons.scu.edu/bioe_senior/52

This Thesis is brought to you for free and open access by the Engineering Senior Theses at Scholar Commons. It has been accepted for inclusion in
Bioengineering Senior Theses by an authorized administrator of Scholar Commons. For more information, please contact rscroggin@scu.edu.

SUTURE PASSING DEVICE FOR HYOID SUSPENSION IN
SLEEP APNEA SURGERY

By
Corbin Craven, Nicholas Leavengood, & Solomon Mulugeta

SENIOR DESIGN PROJECT REPORT

Submitted to
the Department of BioEngineering
of
SANTA CLARA UNIVERSITY
in Partial Fulfillment of the Requirements
for the degree of
Bachelor of Science in BioEngineering

Santa Clara, California

Spring 2016

ii

ABSTRACT

Obstructive Sleep Apnea (OSA) is a condition which is characterized by momentary
pauses in a person’s breathing while they are sleeping. Current treatment options for sleep apnea
include CPAP, oral appliances, and surgery. Of these options, hyoid suspension surgery is one of
the most effective, but is significantly underutilized. This is due to the fact that performing hyoid
suspension surgery by current methods is complicated and can be painful for the patient. As our
senior design project, we designed and prototyped a novel medical device that facilitates fast,
easy, and consistent hyoid suspension surgery. Through functional testing of our device in foam,
ballistic gel, cow tendon, and human cadaver, we were able to prove the efficacy of our device
for use in hyoid suspension surgery. We were also able to demonstrate through benchtop testing
that our device is able to consistently output the force required to puncture the tissue surrounding
the hyoid bone. Our device was successful in meeting all of our project goals and successfully
proved our method as a viable proof of concept. To further develop this product and move
toward commercialization, the displacement of the needle at the tip of the device should be
increased, the method for carrying the suture should be revised, and the profile of the device
should be decreased as much as possible.
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INTRODUCTION

1.1 Background
Obstructive Sleep Apnea (OSA) is a condition which is characterized by momentary
pauses in a person’s breathing while they are sleeping. These pauses are caused by an
obstruction in the person’s airway. For many patients, these pauses, called apneas, can
occur 30 times or more an hour and can last up to a minute. These occurrences obviously
pose a serious health risk to the patient due to the fact that their breathing is inhibited, but
sleep apnea is related to many health problems other than the apnea itself. OSA has been
linked to diabetes, depression, stroke, high blood pressure and many other very serious
health problems.

Current treatment options for sleep apnea include CPAP, oral appliances, and surgery. Of
these options, hyoid suspension surgery is one of the most effective, but is significantly
underutilized. This is due to the fact that performing hyoid suspension surgery by current
methods is complicated and can be painful for the patient. Our goal is to create a medical
device that facilitates fast, easy, and consistent hyoid suspension surgery for patients.
Such a device would result in better patient outcomes and could also expand the hyoid
suspension surgery market by making the procedure more attractive for surgeons to
perform.

1.2 Literature Review
Currently the predominant treatment method for sleep apnea is the Continuous Positive
Airway Pressure (CPAP or PAP). The vast majority of patients suffering from sleep
apnea choose the CPAP as their treatment option. The CPAP operates with the patient
wearing a mask over their mouth while they sleep. The mask is connected to an air
compressor which creates an area of high pressure flowing air into the patient's’ mouth.
Although effective, this treatment option is cumbersome and disliked for its
inconvenience. Only a small fraction of patients choose to undergo surgery,
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understandably preferring to avoid surgery for a relatively common condition. 18 million
people in America suffer from sleep apnea.1

Approximately 100,000 patients undergo some form of sleep surgery annually in the
U.S., which take on either one of two strategies: extraction of obstructive tissue or
advancing the anatomy for greater airflow. The most common of all sleep surgeries is the
uvulopalatopharyngoplasty (UPPP), which demands the removal of tissue from the soft
palate and pharynx in the oral cavity including the tonsils. This method is straightforward
in that it removes the tissue that is physically obstructing the airway as it falls backwards
in the esophagus during sleep. Other similar tissue extraction surgeries that are used but
at a scarce rate include nasal surgery, tongue based reduction, and tracheostomy. The
sacrifice of tissue extraction surgeries is they require quite an invasive procedure and
typically an overnight stay in the hospital.

The alternate option that is not based on tissue removal is advancing a portion of the
anatomy physically through mechanical means. This is the specific area that our design is
incorporating. The main apnea advancement options other than hyoid suspension are
tongue suspension and jaw advancement. By using sutures or other implants surgeons are
able to open up the airway without removal of tissue. Tongue suspension does not allow
for as great of an opening to be made compared to the hyoid suspension because of the
lesser structural support the tongue has compared to the hyoid bone. The jaw
advancement is extremely rare and only applies to patients with preexisting skeletal
issues, and the risk for this surgery is inordinately high resulting in few available medical
centers with this option.

1.3 Project Goal:

The goal of our project is to design a medical device suitable towards ameliorating the
symptoms of patients with obstructive sleep apnea. Our primary focus is developing a

1

http://www.sleepdisordersguide.com/article/sleep-disorders/sleep-apnea-statistics-the-statistics-of-sleep-apnea
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highly efficient suture passer, that also meets the needs of the market we will be selling to
and the physicians that will be using our device.
Ways our suture passer will improve on Siesta Medical’s last model, the RevolutionTM
suture passer.

1. This new design will adapt to the current tongue suspension suture passer enabling
our design to place a suture using a push applicator.
2. The new design will have a pointed tip that will cut through tissue from the point of
entry to the tissue surrounding the hyoid bone. In the previous design, a surgeon
would have to dissect tissue to get to the area he would desire, which is invasive and
can take up the majority of the time in surgery.

Figure 1. RevolutionTM Suture Passer

Our final design will successfully pass a suture across a gap which will be simulated with
representative tissue materials. This solves the need for a minimally invasive surgery that
is surgeon-friendly for patients with OSA. Our hope for this new device is that we can
finalize and prototype a design that is marketable to the medical device industry, which
can compete with other devices. This will hopefully create more security and confidence
in the surgery, tapping into the population that uses UPPP, and providing a safe
permanent solution to untreated or inappropriately treated patients with obstructive sleep
apnea.
3

2 ANATOMY OVERVIEW AND THEORY OF DESIGN
2.1 Anatomy of the Bones and Cartilage in the Head and Neck
There are a number of bones and cartilage that make up the lower jaw and neck of the
human skeleton. These tissues protect and provide structure for the airway. The major
bones and cartilage that are involved in the elevation and depression of the hyoid bone
are the mandible, hyoid bone, and thyroid cartilage.2 The mandible is the curved bone
that forms the lower jaw. It is made up of three sections: the ramus, the angle, and the
body. Just below the mandible, at the front of the neck, is a U-shaped bone called the
hyoid bone. The hyoid bone is also comprised of three sections: the body, lesser horn,
and the greater horn.3 Below the hyoid is the thyroid cartilage, which provides protection
for the airway and vocal folds.

Figure 2. Skeleton of the head and neck
http://www.britannica.com/science/hyoid-bone/images-videos/Bony-framework-of-the-human-head-and-neck/119197
2

Elevation and Depression of The Hyoid Bone. “YouTube. YouTube, 01 Oct. 2012. Web. 23 May 2016.
<https://www.youtube.com/watch?v=-21QCWqLviQ>.
3
“Hyoid Bone.” Hyoid Bone Anatomy, Function & Location. Web. 26 May 2016.
<http://www.healthline.com/human-body-maps/hyoid-bone>.
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2.2 Anatomy of Infrahyoid and Suprahyoid Muscles
There are a several muscles in the neck which connect to the hyoid bone and serve to
either elevate or depress the hyoid bone. The infrahyoid muscles connect to the hyoid on
the inferior of the hyoid and depress the hyoid bone when contracted. The suprahyoid
muscles connect to the hyoid on the superior face and counter the function of the
infrahyoid muscles to elevate the hyoid bone. The infrahyoid muscles are the thyrohyoid,
omohyoid, sternohyoid, and the sternothyroid muscles. The suprahyoid muscles are the
digastric, stylohyoid, geniohyoid, and the mylohyoid muscles.4 When the hyoid bone is
advanced toward the mandible in hyoid suspension surgery, the infrahyoid and
suprahyoid muscles are tensioned which pull the base of the tongue and other soft tissue
forward and open the obstructed airway.

Figure 3. Infrahyoid and suprahyoid muscles
http://www.slideshare.net/pavemedicine/axial-muscles-41950994
4

th

Netter, Frank H., MD. Atlas of Human Anatomy. 5 ed. W.B. Saunders, 2011. Print.
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2.3 Anatomy of Ligaments Surrounding the Hyoid
The median thyrohyoid ligament connects the hyoid bone and the thyroid cartilage from
the inferior of the hyoid bone to the superior of the thyroid cartilage.5 This piece of tissue
is the toughest tissue that needs to be punctured to place the suture for hyoid suspension
surgery.
2.4 Theory of the Hyoid Suspension Suture Passer Device
For hyo-mandibular suspension, an incision is made just below the mandible. The
distance from this incision to the hyoid bone is generally 5-7 cm depending on the
patient. For this reason, a second incision is sometimes made directly in front of the
hyoid bone to facilitate easier access to the hyoid bone.
Our suture passing device will be able to place the suture from a single incision just
below the mandible. This is preferable to the two-incision method because it reduces pain
for the patient, eliminates additional complications from the extra incision, and reduces
scaring. With current technology, this procedure can only be performed through one
incision by dissecting tissue between the incision and the hyoid bone. Our device will
also solve this problem by reducing the need to dissect large areas of tissue to get to the
hyoid bone.
Additionally, our device will be able to deliver enough force to pierce through the median
thyrohyoid ligament and the mylohyoid muscle. The thyrohyoid ligament is a tough piece
of tissue that requires a sharp rigid needle to pierce it. Our device will incorporate a
needle capable of accomplishing this into a housing that is small enough to fit through a
small incision; keeping the device minimally invasive.
Once both sutures have been placed, it is known that advancing the hyoid bone toward
the mandible 2-3 cm is sufficient to alleviate the sleep apnea symptoms for most patients
with tongue base or hypopharyngeal obstructions.

5
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Netter, Frank H., MD. Atlas of Human Anatomy. 5 ed. W.B. Saunders, 2011. Print.
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3 SYSTEM LEVEL OVERVIEW
3.1 Names of the Various Subsystems
Our suture passer for hyoid suspension surgery is comprised of eight different subsystems
that interact with each other to send a curved metal needle across a gap and pass a suture
to the other side of the device. Five of the subsystems were designed by our senior design
group and adapted to the other three major subsystems which already existed in the
Encore Suture passer created by Siesta Medical. The existing subsystems from the
Encore suture passer are the spring loaded plunger, the window switch, and the suture
catching window. The subsystems designed by our senior design group are the ribbon
housing, the adapted nitinol ribbon, the needle housing body, the needle housing top, and
the stainless steel needle.

Figure 4. Subsystems of the suture passer for hyoid suspension surgery
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3.2 Interactions of the Individual Subsystems
The spring loaded plunger is the driving force for the entire suture passing device. Within
the white handle, a spring is coiled around the plunger which forces the plunger to be
fully extended in its resting position. At the distal end of the plunger, is a small slot
which the nitinol ribbon clips into.
The nitinol ribbon then passes through the bent ribbon housing and protrudes from the
distal end of the ribbon housing. The ribbon housing is bent outward to accommodate the
distance between the two pinholes in the needle housing. The distal end of the nitinol
ribbon has a tapered cut with a small shoulder on each side. This ribbon connects to the
hollow stainless steel needle through a small slit. Once the ribbon is inserted into the
hollow stainless steel needle, the needle is crimped to lock the ribbon into place.
The stainless steel needle and the nitinol ribbon sit within the needle housing. The needle
housing has a curved track for the stainless steel needle, a thin straight track for the
nitinol ribbon, and two pin holes that connect the needle housing to the two pins.
Additionally, the needle housing top fits onto the needle housing and secures all of the
internal components into place. A suture notch is cut in the end of the needle to hold a
suture in place as it passes across the gap at the distal end of the device and through the
suture catching window.
When the spring loaded plunger is fully depressed, the window switch is released, and a
slide drops down to close the suture passing window. At this point, the curved needle will
have already passed through the suture catching window with a suture in the suture notch,
and the suture will be caught in the window. Then as the plunger is released, the needle
will retract, leaving the suture in the suture window, having successfully crossed the gap.
The needle housing top is secured by four screws to the needle housing body. This
component is responsible for constraining all of the internal components so they are
secured into place. Additionally, the top is used to compress the two pins on either side of
the housing so that they are locked into place.

8

4 CUSTOMER NEEDS
4.1 Impact on market
As mentioned in the introduction, roughly 18 million adults in the Unites States has some
form of sleep apnea. There are 4 million annual obstructive sleep apnea diagnoses,
whether it is moderate, severe, or symptomatic.6 Continuous positive airway pressure
(CPAP) therapy is the most commonly used device when treating OSA. CPAP is the least
invasive solution that can treat patients for severe sleep apnea (as defined in Apnea
Hypopnea Index), making it a very popular option amongst its users. However,
compliance remains a key issue for patients with CPAP, since it is a bulky device that
makes it very uncomfortable to sleep at night. For patients that have used CPAP for an
extended period of time, it is very difficult to live without CPAP, as many patients
become dependent on the pressurized air the device emits.

Figure 5. Annual Incidence of Certain Events of Patients with Obstructive Sleep Apnea

6

Harvard “Cost of fatigue,” 2010; Expert Interviews.
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The figure above shows how dominant CPAP is in the market of sleep apnea based on the
number of prescriptions. However, the amount of untreated and undertreated patients
with obstructive sleep apnea remains a significant problem, as OSA is a life-threatening
condition. A substantial number of these undertreated patients are surgical candidates for
OSA. Of the 1.4 million patients that can have surgical intervention, only 100,000
surgical procedures occur each year. Around 80% of these surgeries are
uvulopalatopharyngoplasty (UPPP) as this is the procedure surgeons are most confortable
with. UPPP is a highly invasive technique that cuts away at the soft palate, uvula, and
tonsils to help increase breathing in the airway. Many patients are hesitant to commit to
surgery because of this. Surgical options will benefit a patient over longer periods of time
as shown below.

Figure 6. Mortality of Veterans with Sleep Apnea: untreated versus treated
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4.2 Procedural Needs
It is evident from the information above that there is a need for a one time procedure that
is minimally invasive and will provide as a permanent solution for patients with
obstructive sleep apnea. This procedure must also be easier to complete than previous
methods, such as the RevolutionTM suture passer, to make it easier for a physician to pass
a suture around the hyoid bone. There is also a need to train the surgeons in utilizing the
suture passer to ensure consistent and effective suture deployment.
4.3 Surgical Success Criteria
To determine the surgical success of this procedure, there must be a measurement to
determine the severity of obstructive sleep apnea. The apnea-hypopnea index (AHI)
determines how many pauses (a pause is defined as not breathing for a 10 second period)
a patient has over a one-hour period of sleep.
The specific designations of AHI are as follows:


An AHI score of 0-4 is considered normal



An AHI score of 5-14 is considered mild sleep apnea



An AHI score of 15-29 is considered moderate sleep apnea



An AHI score of 30+ is considered severe sleep apnea

In a study conducted by Dr. Michael Abidin and Dr. Jason van Tassel, sponsored by
Siesta Medical, gave insight to how effective hyoid suspension surgery is. In the study,
12 patients with an average AHI of 29.4 before surgery had a 58% AHI reduction postsurgery. This improvement was sufficient in reducing their sleep apnea from a relatively
sever level into the moderate range.
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5 BENCHMARKING RESULTS
5.1 Continuous Positive Airway Pressure (CPAP)
The most common treatment currently offered for sleep apnea is the continuous positive
airway pressure mask, commonly referred to as CPAP. This appliance is worn on the face
and mouth while sleeping and is connected to generator which applies light air pressure
to the patient’s nose and mouth. Although this method is highly effective at opening the
airway for most patients, it has a significantly low compliance rate over time as many
patients find this method cumbersome and uncomfortable. Some individuals develop a
dependency while using this device over long periods. They can become unable to sleep
without it, making things such as traveling very inconvenient. Patients with severe sleep
apnea due to significant airway obstruction may find this device is not suitable as a stand
alone treatment.
5.2 Oral Appliances
Oral appliances are an alternative wearable option to the CPAP. These devices are
tailored mouth guards that situate the mandible in such a way as to open the airway.
Patients will unknowingly clench and compress their jaw and mouth during sleep which
contributes to the obstruction of the airway. The simplicity of oral appliances and ease of
use allows for many patients to try them, but also exhibit a low retention rate due to
discomfort and forgetting to wear it.
5.3 Surgical Options
5.3.1 Uvulopalatopharyngoplasty (UPPP)
Several surgical options exist for the treatment of sleep apnea with varying
approaches. The most common is dissecting tissue that is blocking the airway.
Uvulopalatopharyngoplasty (UPPP) is the leading treatment option and involves
an extremely invasive procedure where much of the soft palate, uvula, tonsils, and
tissue of the throat are surgically cut away and removed. This is known as an
upper airway surgery and has high success rates among patients. However, due to
its highly invasive nature this option often requires long hospital stays which
12

leads to its high cost. The highly invasive nature and high cost deter many
patients from this option and make it less desirable of a treatment.
5.3.2 Tongue Suspension Surgery
Patients with obstruction of the airway lower in their windpipe require a lower
airway surgery. The most common lower airway surgery is the tongue suspension
surgery. This treatment method involves making a small incision under the chin
and using a surgical tool to pass a suture through the soft tissue at the base of the
tongue and connecting the suture to the mandible using bone screws. The incision
is closed up and the patients typically experience little long-term discomfort due
to the suture implant. The muscles and tissue of the lower airway are effectively
suspended and proper breathing is resumed.

6 FUNCTIONAL ANALYSIS
6.1 Spring Loaded Plunger
The main function of the spring loaded plunger is to supply the input force to the device.
The force from the plunger will be transmitted to the needle and ultimately dictate
whether the device is able to pierce the muscles and ligaments surrounding the hyoid
bone.
The constraints for the plunger are that it is part of the existing Encore suture passer. As a
result, we will not be redesigning it for our new suture passing device. This means that
the displacement that can be obtained from the plunger is fixed and cannot be improved.
Additionally, there is no further information on this subsystem due to the fact that it was
outside of the scope of this project.
6.2 Ribbon Housing
The ribbon housing is a very simple piece. The main function of the ribbon housing is to
direct the path of the nitinol ribbon in order to correctly align the ribbon with the notch in
the stainless steel needle. The objective of the design for the ribbon housing is to bend the
13

ribbon in a way that minimizes the length of the path traveled by the nitinol ribbon,
which therefore decreases the displacement lost due to the bend in the housing.
The major constraint for the ribbon housing must be bent in a manner that puts the two
pins the correct distance apart from each other so that they can fit into the needle housing.
The length of the ribbon housing, however, is flexible due to built-in tolerance for the
length of the ribbon housing in the pinhole of the needle housing.
6.3 Nitinol Ribbon
The nitinol ribbon is another subsystem that was used in the Encore suture passer. This
component is a relatively strong, yet very flexible piece of metal that can deform
significantly and return to its original shape. The function of this piece is to push the
curved stainless steel needle around the track and across the gap at the distal end of the
device. The ribbon also has the function of pulling the needle back into the needle
housing when the plunger is released.
Therefore, the major design constraints for the ribbon are that the existing nitinol ribbon
must be used and it must be adapted so that it is attached to the stainless steel needle in a
manner that facilitates the ability to extend and retract the curved stainless steel needle.
6.4 Stainless Steel Needle
The stainless steel needle is one of the most important subsystems in the entire device.
This is the component responsible for piercing the tissue surrounding the hyoid bone and
carrying the suture across the gap. There are four major aspects to the design of the
needle. These aspects are the radius of curvature of the needle, the sharpness of the
needle, the suture notch at the pointed end of the needle, and the slot used to secure the
nitinol ribbon to the needle.
The curvature of the needle is an important consideration because there is a tradeoff
between the stability of the needle as it is being pushed and the size of the device. The
larger the radius of curvature, the more stable the needle is as the nitinol ribbon is
pushing it because more of the needle is allowed to stay in the housing. The tradeoff to
this is that the radius of the needle dictates the size of the device. Therefore, a smaller
14

needle is desirable because it allows the device to be smaller and thus less invasive. The
correct balance between these two design constraints is a crucial element of the success
of this device.
The sharpness of the needle is another important design consideration. In order to attach
the nitinol ribbon to the needle without having to weld or glue the two together, the
stainless steel needle must be made from hypodermic tubing. This allows for the needle
to be crimped once the ribbon has been inserted and locks the ribbon into place. The issue
with this approach is that it detracts from the sharpness of the needle. The needle cannot
come to a sharpened point because the center of the needle is hollow.
The suture notch at the end of the needle is crucial to the success and consistency of
passing the suture across the gap at the distal end of the device. If the notch is located
directly at the front of the needle, it is essentially guaranteed not to slip off of the needle
as it is passing through tissue, and it is most likely to get caught by the suture catching
window. The tradeoff to this design is that having the suture at the front of the needle
reduces the effective sharpness of the needle. The alternative option is to make a slanted
suture notch in the side of the needle near the tip. This solves the problem of needle
sharpness, but reduces passing consistency and makes it more difficult for the window to
catch the suture.
The final consideration for the design of the needle is the slot used to secure the nitinol
ribbon to the needle. This aspect of the needle design is much more straightforward than
the others. The smallest slot possible that the nitinol ribbon can fit into is cut in the needle
where the ribbon and the needle meet. The needle is then slid into the hypodermic tubing
and tightly crimped, which locks it in place for both needle extension and retraction.
6.5 Suture Catching Window
The function of the suture catching window is to clamp down on the suture once the
needle has passed through the window. This window is triggered once the plunger has
been fully depressed. Once the plunger is depressed, a spring loaded slide drops down
and presses the needle and suture against the distal end of the suture catching window. As
the needle is withdrawn from the window, the suture is pulled out of the notch at the end
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of the needle, and the suture is locked into place in the window. Then as the device is
removed from the incision, the suture will be looped around the back of the hyoid bone.
This subsystem is taken directly from the encore suture passer. It is the same mechanism
that is used, and therefore was not redesigned in any way for this project. As a result, it
will not be discussed in further detail in the subsystem chapter.
6.6 Needle Housing Body
This subsystem serves the most important function for the suture passing device
developed in this project. The function of this component is to attach to the two pins
extending from the handle of the device, direct the path of the ribbon and the curved
needle, maintain the rigidity of the device, facilitate easy suture loading, and pierce tissue
to get down to the hyoid bone.
The design constraints of this piece are mainly its size and cost. It is essential to the
performance of this device that it is as small as possible so that a small incision can be
used to place the suture around the back of the hyoid bone. Also, it is desirable for this
piece to be as simple as possible for machining and manufacturing purposes. Ultimately,
this piece will be injection molded, which means that all features must be able to be
created in this manner. For this project however, the pieces were either 3D printed or
machined by an external company out of aluminum. The 3D printing is inexpensive due
to the small size of the device, but the cost to machine the parts from aluminum would be
very high if the part was overly complicated. Therefore, the simplicity of the design was
a very important design consideration for this subsystem.
6.7 Needle Housing Top
This part serves the function of locking all of the inner components and pins in place. The
fit between the needle housing top and body must be very precise in order to minimize
the potential for the needle to deflect to one side or the other as it is pushing against tough
tissue. Additionally, it is the function of the needle housing top to tightly clamp the two
pins between the housing and top so that they cannot slide around within the needle
housing.
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The profile of this piece is determined by that of the needle housing body; therefore size
is not a consideration because has already been addressed in the needle housing body.
The cost of this part is a consideration, however, due to the fact that it will also be
machined from aluminum for the sake of prototyping this device.
6.8 The Window Switch
The window switch is the final subsystem of this suture passer. This assembly is
responsible for retracting the slide that catches the suture in the window. This component
is used once the surgeon has removed the suture passer from the incision and needs to
retrieve the suture. The window switch is pulled toward the proximal end of the device,
and the suture is released.
This component was also originally designed for the Encore suture passer and was not
redesigned for this project. Therefore, the window switch will not be further discussed in
the subsystem chapters of this paper.

7 RIBBON HOUSING SUBSYSTEM
7.1 Introduction to Subsystem Function
The ribbon housing is a very simple piece. The main function of the ribbon housing is to
direct the path of the nitinol ribbon in order to correctly align the ribbon with the notch in
the stainless steel needle. The ribbon housing connects on its proximal end to a piece
within the device handle. On its distal end, it is clamped into place between the needle
housing body and the needle housing cap.
The other function of the ribbon housing is to provide stability for the lower components
of the suture passing device. For this reason, it is important that the ribbon housing is
very rigid and will not bend or deflect as it is pushed through tissue.
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7.2 Design Options and Tradeoffs
The objective of the design for the ribbon housing is to create a path for the ribbon that
minimizes the distance traveled by the nitinol ribbon. The benefit of this is that it will
decrease the displacement lost due to the bend in the housing. Displacement of the needle
is crucial because the needle must make it through the suture catching window, otherwise
the suture will not be caught.
The options for the angles of the ribbon housing are endless. The tradeoff for the design
of this part is minimizing the length of the path, while still making the curves at the
proximal and distal ends of the housing gradual enough that they do not create weakpoints in the metal housing. If the curve is too sudden, the metal may bend or snap when
pushing against tough tissue.
7.3 Detailed Design Description
The design solution that was selected for this piece was to bend the ribbon housing
starting approximately one inch from either endpoint. The housing is made from a very
rigid piece of stainless steel which gives it good strength and prevents the piece from
deforming when a force is applied to it.
7.4 Detailed Supporting Analysis
The piece was not heavily prototyped or analyzed. For each iterative prototype of the
entire device, this ribbon housing was remade, but always with the same dimensions.
This was due to the fact that the initial design of this piece was sufficient for the overall
design of the device. It met the requirements of minimizing the path length for the nitinol
ribbon while still maintaining gradual enough bends that the strength of the piece was not
compromised.
7.5 Testing
The testing for this piece was a functional test and it was never tested on its own; always
within the device as a whole. The testing for this subsystem occurred when we did
representative tissue testing for the suture passing device.
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The major forces this piece experiences are an axial force during the process of piercing
through tissue to get to the hyoid bone and a lateral force during the suture passing step
while the needle is pushing perpendicular to the ribbon housing. The ability for the
subsystem to resist both of these forces was tested in a foam ball, ballistic gel, cow
tendon, and a human cadaver. Each of these tests applies both of these forces to a varying
degree. The fact that the ribbon housing did not deform during any of these tests proves
the efficacy of this component and eliminated the need to do more extensive testing.

8 NITINOL RIBBON
8.1 Introduction to Subsystem Function
The function of the nitinol ribbon in this device is to push the curved stainless steel
needle around the track and across the gap at the distal end of the device. The ribbon also
has the function of pulling the needle back into the needle housing when the plunger is
released.
8.2 Design Options and Tradeoffs
The ribbon needs to be able to fit in the straight track through the needle housing body
and also be able to curve to lay flat against the curved needle as the two are pushed
together toward the exit of the housing. This means that the ribbon has to have the
compressive strength to push the needle forward, but also the flexibility to deform to the
circular shape of the needle and then return to its original shape when the plunger is
retracted.
Additionally, in order for this device to be successful, the nitinol ribbon has to be
connected to the stainless steel needle in a manner that is easy to assemble and can
effectively extend and retract the curved needle.
8.3 Detailed Design Description
Nitinol is a relatively strong, yet very flexible metal that can deform significantly and
return to its original shape. For this reason, nitinol is a perfect material to be used to
19

accomplish the first function of this subsystem. The benefit of this selection is that the
original part from the Encore suture passer can be modified to work in this new design,
rather than having to develop an entirely new piece. This saves Siesta Medical and our
senior design group money by not having to by new materials to use in this device.
The ability to effectively extend and retract the curved needle relies on a connection
method with the needle that can handle both compressive and tensile forces. The ability
to push the needle is relatively easy to accomplish in the design because all that is needed
is a surface on the needle for the ribbon to push against. The design becomes more
involved when the requirement of retracting the needle back into the housing is added.
This design problem was overcome by creating a tip at the end of the nitinol ribbon that
has tapered sides and a shoulder on each side. This gives the tip of the ribbon an arrowlike profile. This arrow shaped piece is then inserted into a cut in the stainless steel
needle until the shoulder has reached the face of the needle. Then, the needle is crimped
at the needle-ribbon junction. Crimping the two pieces at this junction reduces the
effective opening size in the needle and makes it so that the ribbon cannot become
detached from the needle.
The connection is made even stronger once the nitinol ribbon and the curved needle are
placed into their respective places in the needle housing. During this step, the needle is
rotated and the nitinol ribbon is pressed against the back of the needle in order to
accommodate this orientation. When the ribbon is pressed against the back of the needle,
the friction between the two pieces makes it even more difficult for the nitinol ribbon to
become dislodged from the needle. Once this step has been completed, the nitinol ribbon
can supply compressive and tensile forces to the needle.
This design solution also accomplishes the other goal of making the subsystem easy to
manufacture. This entire process can be done very easily and quickly. On the
manufacturing floor, this translates to quicker assembly and therefore less cost in the
manufacturing process. On a small scale this is not a crucial component, but once this
device is being manufactured on a larger scale, this cost savings will be critical.
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8.4 Detailed Supporting Analysis
The approach to this design was based on the general concept of a zip tie type locking
mechanism. Once the tip of a zip tie is inserted past the tapered section to its shoulder, it
becomes locked into place and cannot be pulled in the opposite direction. This same
theory was used for the connection to the needle in the manner stated above.
This approach was developed in the initial prototype and was not changed significantly
throughout the various iterations of the device. The only changes to this connection
mechanism were the exact size and shape of the tip of the nitinol ribbon and the cut in the
stainless steel needle. By the final prototype, the cut in the needle was reduced to the
smallest possible size, and the shoulder on the nitinol ribbon was made as abrupt as
possible. Both of these elements made the connection between the ribbon and the needle
very secure.
8.5 Testing
As with the ribbon housing, the testing for the nitinol ribbon was a functional test. In all
of the tests, which were once again performed in foam, ballistic gel, cow tendon, and
human cadaver, the nitinol ribbon never broke or became dislodged from the needle. This
was sufficient evidence that the ribbon had adequate strength and the connection between
the ribbon and the needle was strong enough to meet the demands of the device.

9 STAINLESS STEEL NEEDLE
9.1 Introduction to Subsystem Function
The function of the stainless steel needle in this device is to pierce tissue and help carry a
medical grade suture around the hyoid bone. This is a crucial component to the device as
the movement of the needle outside of the housing structure presents the most risk for the
suture pass.
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9.2 Design Options and Tradeoffs
The needle needs to accommodate the nitinol ribbon being inserted and crimped into
place while being a durable material. If the nitinol ribbon is not secured into place, it will
drastically impact the maximum force output. To have these requirements met, the needle
would have to be hollow or the nitinol ribbon would have to be welded to the needle
itself. The needle should be a material that can withstand bending, as it needs to form fit
the needle housing to follow a track that will consistently go through the suture catching
window.
At the tip of the needle, there needs to be a notch to place the suture. The place of the
notch on the tip on the needle will determine where the catching window will catch the
suture. The placement of the notch at the tip of the suture can either be either side of the
needle or on the top or bottom of the needle. Placing the notch on the sides of the needle
ensures the maximum piercing force, but placing the notch at the bottom of the needle
ensures a higher likelihood of the suture wire being caught through the window. The
sliding window comes from the bottom side in respect to the needle so it would be
preferred to have the notch on the bottom or one of the sides.
The size of the needle will determine stability of pushing the needle outside of the
housing component. With a larger radius of curvature, the device would have to
accommodate the larger needle. However with a smaller device, there is potential for a
minimally invasive device. The goal is to find the smallest device that is stable enough to
consistently pass a suture wire across the window catcher.
9.3 Detailed Design Description
The hypodermic stainless steel needle is a strong and malleable material that has the
ability to pierce hyoid tendon tissue. Stainless steel is one of the most widely used
materials for various applications in medical devices as it is a bioinert material that is not
magnetic. The needle is also hypodermic which allows the nitinol ribbon to easily lock
into place through a very simple procedure. The needle first must be bent to fit the path of
the needle housing. At the fork of the housing, a slit will need to be made in the needle to
lock the nitinol ribbon in place. This slit was made by a dremel tool. The ribbon should
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be able to slide into the needle and once it is far enough into the tubing, the needle will be
crimped to secure the nitinol ribbon to ensure successful extension and retraction of the
needle.
The suture notch at the tip of the stainless steel needle was a design constraint to
overcome, as the placement of the notch would impact the effectiveness of our device.
Putting the slot at the bottom essentially ensured the suture was caught each time it went
through the catching window. However, this method proved to be less consistent once the
needle was passing through tougher mediums. The suture notch at the bottom tip of the
needle compromised the piercing force. The suture notch at the side tip of the needle
solved this problem, but the catching window was not catching the suture at a consistent
rate, making our device less effective. Our final design to satisfy both constraints was
making a slanted notch at the side tip of the needle. This gave more area for the suture
catching window to trap the suture without jeopardizing the effectiveness of the device.
9.4 Detailed Supporting Analysis
When looking at the design of the needle, the tip of the needle needed to be cut in a way
that maximized the ability to pierce tissue. To maximize our sharpness the needle had to
be shaved with the dremel tool in a 45-degree fashion with the bottom part of the
hypodermic needle jetting out.
9.5 Testing
Testing the needle was done in a quantitative fashion when performing the max output
force. To determine the max output force, we attached the needle to a force gauge to
brace the impact of the stainless steel needle. The needle attached to the force gauge was
placed at the apex of the trajectory of the steel needle of the device. At any other position
on path, the needle wouldn’t be able to push its maximum force as the needle would be
hitting the target at an angle.
The needle was also used to test the amount of force to pierce representative tissue. This
test was performed to verify that the maximum output force of the device is consistently
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higher than the piercing force of tissue. If this criteria was met, then it could be concluded
that the device was successful.

10 NEEDLE HOUSING BODY
10.1 Introduction to Subsystem Function
This subsystem serves the most important function for the suture passing device
developed in this project. The function of this component is to attach the lower
components to the two pins extending from the handle of the device, direct the path of the
ribbon and the curved needle, maintain the rigidity of the device, facilitate easy suture
loading, and pierce tissue to get down to the hyoid bone.
10.2 Design Options and Tradeoffs
During the brainstorming session at the beginning of this project, our senior design group
thought of three ways to implement the suture passing device.
The first method would use strings and pulleys on either side of the device to extend and
retract a curved metal needle. These strings could be attached to a wheel that could be
turned back and forth to extend and retract the needle. The second method would still use
the spring loaded plunger, but instead of depressing a nitinol ribbon, the plunger would
depress a metal rod with teeth cut into the end of it. These teeth would turn a small gear
at the tip of the device that would then rotate a needle that had matching teeth laser cut
into it. The third and final solution was a small housing at the tip of the device that would
hold a rigid needle in a curved track. This housing would also have a track for the nitinol
ribbon and the ribbon would push the needle around the track when the plunger was
depressed and retract the needle when the plunger was released.
In order to assess these designs they were evaluated on technical risk, utilization of
current projects, cost, manufacturability, and time requirement. Technical risk refers to
the risk of one or more components in the device breaking. Therefore, the more
complicated the device, the less attractive the design because there was greater risk of
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something breaking. Utilization of current products refers to the ability to incorporate
aspects of the existing Encore suture passer into the new suture passer. This was a
desirable design goal because the more existing components that could be incorporated,
the less manufacturing cost would go into the product because the process is already
established. Also doctors that use one suture passer would be familiar with the other even
if they had never used it before. The cost of the device is an obvious consideration
because the cheaper the device is to manufacture, the more likely it is that the customer
will be willing to pay for it. Manufacturability is an important consideration because if a
device is very difficult to manufacture, it will have a higher overall cost. Finally, time
requirement was a consideration because our senior design team wanted to have a
working device by the end of the project term.
Table 1. Evaluation criteria for three initial designs

By using the decision matrix shown in Table 1 to compare all of these criteria, our senior
design group eventually decided to pursue the method that used a housing at the tip of the
device to hold a curved metal needle that would be pushed by a nitinol ribbon.
10.3 Detailed Design Description
The needle housing is composed of a thin track for the nitinol ribbon that meets a curved
track at its tangent and insets for the two pins to fit into. The track for the nitinol ribbon is
only a few thousands of an inch wider than the width of the nitinol ribbon to prevent the
nitinol ribbon from buckling while it is pushing the stainless steel needle. The radius of
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curvature for the needle is designed to optimize the balance between the small size of the
device and being large enough to accommodate a needle that maintain its stability when
pushing against tough tissue.

Figure 7. SolidWorks drawing of needle housing body

The depth of the channels is made to be only two thousands of an inch larger than the
radius of the hypodermic tubing used to make the stainless steel needle. The purpose of
this is that the tight fit between the needle and the track prevents the needle from
deflecting up or down as force is applied to it.
The needle housing body also has two semicircular slots for the pins to sit into. The
purpose of these slots is to match with identical slots on the needle housing top to form a
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set of holes that secure the housing to the two pins. The needle housing body also has a
pointed tip on its left side to help pierce through tissue between the incision point and the
hyoid bone. This feature is important because it eliminates the need to dissect all of the
tissue between the incision and the hyoid bone.
The final features of the needle housing body are four screw holes in the top section of
the component. These screw holes are in place so that the top of the needle housing can
be secured to the body. This allows the pins to be firmly compressed between the needle
housing top and body, which locks the pins into place so they do not slide around.
10.4 Detailed Supporting Analysis
The theory behind this subsystem is that if a piece can be made which is only at the tip of
the device, then there is potential that in a future iteration of the device it can be adapted
for multiple surgeries. The current Encore suture passer is only used for tongue
suspension surgery. However, with the new components at the tip of the device, it could
be easily adjusted to perform hyoid suspension as well. All that would be required is that
the pins be moved from 0.6 inches apart to approximately 0.95 inches apart. This could
easily be done by making the pins so that they can slide between these two distances.
The benefit of this design is that such a device would save money, resources, and time.
There are many patients that require tongue suspension surgery in addition to hyoid
suspension surgery. If both could be performed easily and with the same device, then this
would benefit the doctor, patient, and insurance companies.
10.5 Testing
For each prototype of the device, it was assembled to insure that the dimensions of the
needle housing body were correct and that all of the pieces fit together. Do to the fact that
the needle housing is a very robust piece no individual testing was performed because
there is not a probable failure mode for the piece in the environment that it will be used
in.
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As with several of the other pieces in this device, this subsystem was verified through
functional testing. The methods and results of this testing are discussed in the System
Integration, Test and Results section of this report.

11 NEEDLE HOUSING TOP
11.1 Introduction to Subsystem Function
The function of the housing top is simply to provide structural support for the body of the
needle housing to prevent failure of the needle. Without the needle housing top, the
needle would be exposed and susceptible to misalignment during extension. When the
needle undergoes significant resistant force from the medium it is piercing, lateral force
may be applied upon the needle which the housing top will support and prevent any loss
of force.
11.2 Design Options and Tradeoffs
The initial prototype did not involve a housing top because the focus of the device was to
simply house the needle and test its ability to move freely along its trajectory. The
housing top became an obvious necessity once a successfully functional prototype was
able to pass suture in air and in a foam ball. There was some bowing out of the needle
when met with considerable resistive force, which suggested the idea for incorporating a
secondary top half to match the housing body.
When designing the needle housing on Solidworks the part was constructed to mirror the
housing body in its shape, but with decreased width as to reduce its excessive size
without the need to hold a needle itself. Initially the housing top had a small ridge that
protruded from the base which would fit on top of the needle track. This extra material
would allow for increased compression of the needle as it sits in the track of the housing
body. This ridge was removed from the design after it resulted in over compression and
jamming of the needle in the housing body.
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Early on it was evident that screws would be a beneficial design that would provide ideal
connection to the housing body. Our early focus was on the design of the housing body,
so we left the housing top simplified until we were close to a final design, then we
incorporated screw holes and experimented with the additional screw parts.
11.3 Detailed Design Description
With the needle housing simplified to a flat surface mirroring the housing body it was
able to provide the appropriate amount of compression on the needle to prevent
misalignment during extension. During assembly of the early prototypes, the housing was
adhered using Locktite glue that was readily available on the bench top among our
supplies. The glue provided early stage prototyping of the device, but when too much
glue was used by mistake, some devices jammed and were needed to be forcefully pried
open to clean out the excess glue. Knowing that the final prototype would not have the
housing glued together ideally, the transition was made to a housing top with screw holes.
The size of the screw holes was originally 0.09 inches in diameter which proved to be
difficult for the 3D Makerbot printer to effectively create due to lack of resolution. Due to
the lack of resolution the early prototypes required significant post processing of the
screw holes. The final prototypes involved a housing top which had semicircular pin
holes which aligned with the other semicircles on the housing body to form a complete
pin hole.
The final prototypes that were manufactured in aluminum for realistic structural support
of a metal surgical device had extremely precise screw holes. Originally there were only
two screw holes on either side of the needle track which provided adequate compression
of the two housing pieces. However, the final prototype was designed with four screw
holes to maximize the stability and compression of the hosing along with compression on
the pins to prevent movement of the entire housing along the length of the pin during
needle extension.
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Figure 8. SolidWorks drawing of needle housing top

11.4 Detailed Supporting Analysis
The cost of this part when manufactured was nearly exactly the cost of the housing body
(see appendix). In theory this part is not completely necessary to pass the suture
effectively in air, but in practical surgical use the housing is definitely necessary for
support of the needle, and for the overall aesthetics and handling of the device which
must be with smooth comfortable packaging. When assembling the housing top, it was
clear the screws were very efficient and easier to manage than using glue which was
unwieldy and unpredictable at times. The small size of the screw posed an issue when
acquiring them but the precise size was determined and not an issue thereon. The top of
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the screws did protrude out slightly which added thickness to profile, which would be
minimized in a future manufactured assembly.
11.5 Testing
The housing top as a stand alone part was not tested, but in conjunction with the entire
device it was fundamentally crucial for the functional and device performance testing.
We noticed significantly less flexing of the device under needle extension when the
screws were added indicating the housing as a whole was more rigid as our intention. The
continually improved success functionally as well as with the output force of the
prototypes was definitely assisted by the compression and sound rigid body that he
housing top provided.

12 PROJECT MANAGEMENT
Our team from the beginning established a very strong sense of teamwork and
cohesiveness which carried us throughout the duration of or project. When facing
obstacles and time constraints we worked together in a fair and balanced way
encouraging new ideas, transparency, and honesty in our work
12.1 Project Challenges
The presented suture passing device is a successful novel design which holds promise to
provide increased efficiency to a clinical need. This section details the technical
challenges faced in the development of the device.
12.1.1 Challenge #1: 3D Printer Resolution
The early prototyping was done using a Makerbot 3D printer provided by the
Santa Clara University School of Engineering Maker Lab. The small size and
detailed geometry of our design involved very minute thickness and shapes that
proved to be difficult for the printer to create. When designing our device on the
CAD software SolidWorks, we had to keep in mind the limited ability of the
printer which laid a significant constraint on our designing. Often our prototypes
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required post processing before assembly due to this lack of resolution. We were
still able to generate a successful device despite this challenge. Moving to a
manufactured aluminum part avoided this issue with the final prototypes, and
future manufactured devices would not face this obstacle due to the increased
efficiency of large scale manufacturing options.
12.1.2 Challenge #2: Size versus Strength of Housing
When designing the device, we identified minimally invasiveness as a key goal of
our design. This procedure will gather popularity and be more easily adopted by
the community if it is as minimally invasive as possible. After our initial success
with the early prototype, we attempted to redesign the housing with significantly
smaller dimensions in order to test the feasibility of a smaller profile housing.
This design failed to produce enough force to pierce representative tissue due to
its loss of stability of the needle when fully extended. In the smaller design less of
the needle is secured by the housing when fully extended proportionate to the
length that is exposed, leading to significantly less force output. The final design
is effectively as small as a profile as could be created in order to protrude the
needle across the length of a hyoid bone. Our device would still require a small
incision for access to the hyoid bone in the neck, but would not have to be and
larger for additional equipment which other sleep surgery procedures do involve.
12.2 Budget
Our team was fortunate to receive a grant from the Santa Clara University School of
Engineering totaling $850 which would provide adequate funds for the development of
our device. Additionally, We were able to use the resources and materials present at
Siesta Medical including building our device using existing components from prior
equipment such as the Encore Suture Passer and machine tools necessary for assembly
and testing. The School of Engineering Maker Lab provided cost free 3D printed plastic
materials which allowed us to generate the housing of all of our early prototypes without
costs. Due to these fortunate resources we ran into little difficulty with out budget and
had excess funds which were used to manufacture our final prototype in aluminum for
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enhanced functionality and realistic finished product creation. For a list of materials
purchased using the grant see Table 1 in the Appendix.
12.3 Timeline
Our team constructed a timeline at the start of our project in September 2015 with the
culmination being our Senior Design presentation taking place May 2016. Below is our
timeline for each quarter with specific checkmarks we aimed to complete in order to
complete our project with a successfully operational device

Table 2. Timeline
Fall Quarter

Winter Quarter

Spring Quarter

Brainstorm
multiple design

Expand on best

ideas

design option

Perfect prototype

Proof of concept

Solve design defects

Design inputs,
strengths, and
scope of project

Design specific
Narrow down to

device

Test reliability of

top 3 designs

functionality

device
Create finished

Create device

product ready for

prototypes

presentation

Test functionality
of devices

12.4 Design Process
The process of designing our devices started with coordinating with our industry advisor
Erik van der Burg at Siesta Medical. We discussed the potential projects available which
we could take on and the goals we had in mind. We were limited to 8 months from our
first brainstorming meeting until our Senior Design Presentation. With a budget of $850
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and the recourses available to us form the School of Engineering and Siesta Medical we
were confident we could develop a functional device of some kind that had real clinical
value. Erik proposed the hyoid suture passing device as a possible project that would
provide value to the company as a novel technique to add to their existing device kit,
while also addressing a clinical need for a more efficient method for hyoid suspension.
As a team we narrowed down the scope of our project indicating our timetable and our
abilities as a team to meet and do work together as well as individually. We met with Erik
fairly consistently about every week throughout the entirety of the project from early
design through prototyping and onto the final presentation. We approached this project
by targeting our primary goal of creating a novel and efficient suture passer for hyoid
suspension from our first meeting. We moved into brainstorming and landed on a
promising design which we stayed with for the entirety of the project. Through validation
testing we confirmed the feasibility of the design and began prototyping, sticking to ur
timeline and seeking advice when needed from our advisors. We regularly met as a
student team and balanced our tasks and deadlines to ensure proper progression of our
project, meeting checkpoints set by the School of Engineering. Created a functional
device with enough time to do thorough testing to validate our device and make
incremental improvements. We finalized our project a few weeks before our presentation
with adequate time to prepare our presentation at the Senior Design Conference.
12.5 Risks and Mitigations
The table below identifies the primary risks our team perceived as threatening to the
success of our project. Each risk has a coinciding consequence and is ranked on severity
from 1 to 10 (with 10 having severe impact). A probability is identified on a scale out of
1 (with 1 being most probable). The product of the severity level and probability
generates the risk table.
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Table 3. Risk Table
Severity

Mitigation

Risk

Consequence

Level

Probability

Impact

Strategy

Conflicting

Unable to meet

7

0.7

4.9

Coordinate well

schedule among

at desired day or

in advance and

team members

time

indicate conflicts
of schedule
early

Insufficient

Unable to prove

Results

functionality

9

0.4

3.6

Continually
check design
and receive
feedback from
advisors

Limited Time

Incomplete

8

0.5

4

project

Set firm timeline
and follow
dilligently

Failure of

Delay in

8

0.3

2.4

Identify

equipment/tools

development

alternative

progress

methods in case
of absent tools

12.6 Team Management
The student team consisted of Corbin Craven, Nick Leavengood, and Solomon Mulugeta.
Dr. Zhiwen (Jonathan) Zhang was the team faculty advisor and Erik van der Burg served
as the point of contact with Siesta Medical.
Each student on the team contributed equally to this project through its completion,
utilizing individual strengths and collaborating on tasks. Google Dive, email, and the
SCU Library database were primary resources. The School of Engineering Maker lab and
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Siesta Mediacl facilities provided necessary equipment and tools for the development of
our device. Regular check in meetings with our Senior Design class each quarter served
as helpful checkpoints in our project as valuable peer and professor feedback was
incorporated. The student team responded to constraints by identifying issues early,
working as a team to resolve the issue and workout a solution, and seeking advisor input
when necessary.
13 SYSTEM INTEGRATION
During out device design our team identified three levels of testing to validate the success
of the device. Fist, our device underwent functional testing to prove ability to pass suture
in various mediums. Second, we benchmarked a force output requirement needed for
efficient use in real patients. Third, we tested the force output of prototypes that exhibited
the most success and compared them to our benchmark goal as well as tracked the
progress of our prototypes.
13.1 Function Testing
While designing our prototypes our team regularly tested the effectiveness of the device
by testing its functionality, simply does the suture passer properly extend the needle from
its resting position to the suture window, capturing the suture, and returning back. The
device was tested in multiple representative tissue models with consecutively higher
density and therefore more realistic and challenging environments to simulate a real
patient. The figure below lists our sequential tests use with our prototypes. The images
display the devices being tested. The advantage of the ballistic gel is it not only applied
significant resistance force upon the needle to test functionality, but also due to its semitransparent nature allows for the visualization of and functional issues, such as failure of
suture catching.
Our team was fortunate enough to have the opportunity to have our device tested on a
human cadaver on two occasions on our behalf by our advisor Erik. Both occasions
proved a success as our device successfully passed a suture behind the hyoid bone
through the tendon. This was a significant functional test that added great weight to our
validation of our device.
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Table 4. Suture pass testing

Figure 9. Representative testing materials

13.2 Output Force Requirements
In order to validate the success of the suture passer we identified a quantitative goal in the
use of the device on a real patient: the force to pierce the tendon behind the hyoid bone.
In order for the suture to successfully pass, the needle must generate enough force to
pierce this tough tissue. We used cow tendon as a representative tissue model to
determine our benchmark force requirement because it is the closest in composition and
density to the human tendon that we can acquire.
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An experiment was design to determine the required piercing force. A force gauge was
rendered with our stainless steel needle in place on the end of the force gauge. Ten
different needles were tested three times each by piercing random sections of the cow
tendon. The use of multiple needles was done to ensure unbiased results in needle
variance. The results revealed an average piercing force of 3.86 lbs ± 0.34. The image
and graph below display the Testing method and results from this experiment.

Figure 10. Force requirement test
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Figure 11. Graph of force requirement data

13.3 Reliability Testing & Device Performance
In order to determine the reliability of our prototypes we designed a final experiment to
calculate the output force which out device can generate. The experiment was setup as
seen in the figure below. We connected the same force gauge from the function testing
experiment to a table clamp which was secured in place. Another clamp held our suture
passer at a 90 degree angle so that the extended needle would face the forge gauge when
extended halfway across its gap, just at the apex of its trajectory. The tip of the force
gauge was connected with a thin piece of excess hypodermic tubing that would be
inserted through the catching window of the suture passer. When the plunger on the
device was compressed, the needle would extend and connect to the force gauge and
register the output force. 30 tests were completed for each prototype throughout the
design phase. The results revealed favorable results and are seen in the table below. Each
prototype was able to achieve over double the benchmark output force established in our
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Output Force Requirements section. Every consecutive prototype surpassed the last,
showing incremental improvements in our design.

Figure 12. Output force test setup

Table 5. Output force of various prototypes
Mean Output Force

Standard

Prototype #

(lbs)

Deviation

2

8.041

0.4412

4

9.838

1.777

9

10.34

1.4892
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14 COSTING ANALYSIS
The projected cost of the final manufactured device would be extremely similar to the
current cost of the Encore Suture Passer which is around $200. With the additional
stainless steel needle and the needle housing, which could be done in either injection
molded plastic or stainless steel, the price would likely raise to around $250 per device.
The complexity of the device is sill simple enough as to not require significantly more
cost for assembly. This price range is very adequate for realistic market retail within the
medical device community, and very well could find a firm place as an alternative
surgical instrument for hyoid suspension due to its benefits and limited cost.
Our budget for this project was adequate due to the minimal materials needed. Due to the
surplus of scrap materials, machine tools, and bench top equipment at our disposal, we
only had to purchase materials for our device itself and representative tissue models. The
high cost of the prototyping of our needle housing is due to the small quantity of the
order. A large manufacturing operation would allow for a significantly smaller cost for
the housing as to fit in to our estimated mass manufactured budget.

15 PATENT SEARCH & BUSINESS PLAN
15.1 Business Plan
15.1.1 “Uncorking” a Key Opinion Leader
Uncorking a key opinion leader (KOL) is a facilitated discussion with a qualified
physician to get a better idea of where the problem lies. Many KOLs have
conducted clinical trials and research making them experts in their respective field
when it comes to understanding new diseases and therapies. Though members of
our senior design group couldn’t directly have contact with a KOL, our industry
advisor, Erik van der Burg, has kept in touch with many KOLs at various medical
device conventions to get insight on what is in demand for a new device. This
information given second hand to us proved to be valuable when brainstorming an
initial design to prototype.
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15.1.2 Prototyping
Before going through the steps of rapid prototyping, we had to determine if our
design was a viable product that could go to market. The innovation of a push
applicator was novel and unobvious. It was adaptable to the Encore suture passer
that is already in use by Siesta Medical making it easier to manufacture. Once we
have validated our design, we can begin to prototype our design using
SolidWorks, a computer aided design program. From SolidWorks, our group can
print out multiple prototypes on the 3D printers in the maker lab. From here, we
brought the printed device Siesta Medical’s office to experiment with the current
suture passer. If the 3D print was not as accurate as intended, we used either a
mill or a dremel tool to the get the exact specifications of the device. From here,
we perfected our device to a point so a third-party company could machine it.
15.1.3 Operations
If our group were to follow the operations system of Siesta Medical, a supplier
from another company would bring in the materials already made ready to
assemble. Once assembled, the components would be packaged for both hyoid
suspension and tongue suspension so doctors have both options in the same
surgical kit. Our group has considered more of a top-down approach when it
comes to the preparation of marketing a device. Since Siesta Medical is a small
company, it is easier to compare our device to a product in larger medical device
companies. From here, we can determine what problems are not being solved
from current method and come up with a novel solution to specifically address
and unmet market need. In comparison to the Medtronic’s AIRvance hyoid
suspension system, our new device will have a push applicator that minimally
invasive, making our device both safe and effective.
15.1.4 Marketing
Approaching surgeons in attempts to adjust to our hyoid suspension procedure is
difficult to smoothly integrate into hospitals across the nation. Along with
meeting doctors at medical device conventions, another marketing strategy would
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be to target a specific region where OSA surgeries are most prevalent. Providing
the physicians with alternate method that takes less time could prove to be a more
attractive option than UPPP in some scenarios. Once doctors from that specific
region have confidence in our device, we can grow Siesta Medical into a company
that usually does ~10,000 surgeries a year to higher percentage in the market.
15.2 Patent Search
Looking at the previous patents and patent applications that were pertinent to the device
cleared up any constraints there might be. Most of the conflicting patents are owned by
Siesta Medical, which does not pose as a problem. Below is a list of a prior art search for
some of the relevant patents:
Table 6. Prior art search
Patent Number and Title

Novel Feature of Patent

Differences in our product/
conflicts

US 6991636B2,

This method of a nitinol

We are using a nitinol

Nitinol loop suture passer

suture passer extends into

ribbon to push a stainless

an arthroscopic portal

steel curved needle carrying

through a joint in

a suture wire across a gap.

arthroscopic surgery. This
suture wire will act as an
anchor to attach tissue to
bone.
US 7625386B2,

Method to move suture

Our specific device uses a

Medical suturing tool

across a gap using a

needle housing as the main

medical suturing tool.

component of guiding
suture across gap.

US 8460322B2,

Method describing basis of

We have no conflict as we

Suture passer systems and

Encore suture passer.

are working with Siesta

methods for tongue or other

Medical.

tissue suspension and
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compression
US 20140074158,

Methods of placing one or

Tether line systems won’t

Tether line systems and

more suture loops into

be in hyoid suspension

method for tongue or other

tissue, such as the base of

surgery so there is no major

tissue suspension or

the tongue.

conflict.

US 20150250476,

A system with a needle and

Our device plans to use

Systems and methods for

a shaft that helps needle

encore suture passer pinhole

tissue suspension and

freely rotate about the shaft.

to penetrate into deep

compression

compression

tissue.

16 PROFESSIONAL ISSUES AND CONTRAINST
To maintain profession standards, this section will cover the constraints of our design
project:
16.1 Economic
OSA in the United States has a very large market and has a significant amount of
treatment methods to relieve severe sleep apnea. When it comes to severe sleep apnea,
only a handful of options are affordable enough, especially when it comes to surgery.
When we did our initial brainstorming, one of the main design criteria in selecting the
initial prototype was making a cost effective product.
The device adaptation consisted of the needle housing and the needle housing top, which
were both made in acrylonitrile butadiene styrene (ABS), a relatively inexpensive bioinert material that was accessible tool at the Santa Clara University Maker Lab. We
printed our final design for the needle housing in aluminum, as stainless steel was too
expensive. In future models, we plan for the device to be machined in ABS like the rest
of the Encore suture passer outer shell. This device will be slightly more costly than the
previous generation of this device.
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16.2 Manufacturing
The device consists of the Encore suture passer with an attached needle housing. This
posed as the simplest manufacturing solution as the other initial designs did not have a
practical setup. The other two designs that were taken into consideration were a pulley
system and a gear method to move a needle across a gap. The pulley system was not cost
effective since we would have to design and prototype from scratch. The gear method
had too many inner components, which could potentially create a high risk of failure.
The Encore suture passer is already available to use for tongue suspension, but adapting
to this device help drive the rapid prototyping. The nitinol ribbon from the Encore suture
passer is shouldered and crimped into the hypodermic tubing to lock in place. This
section is then place in the curved track of the needle housing, where it will be held in
place by four screws and the needle-housing top.
16.3 Health and Safety
The specific device is a class I device, however the potential kit it will come it would
come in is a class II device. With the new device, there will only need to be one incision
posterior to the mandible without the need to use a clamp to bring the hyoid bone close to
the incision. There will be two bone screws and two suture wires that will be permanently
implanted. A focus of our project is to make a less invasive device that is easier for a
doctor to use in surgery. By cutting down surgery time and using fewer steps in the
procedure that could potentially harm a patient, this method could become more popular
to use amongst physicians.
16.4 Social
Many patients with severe sleep apnea do not choose the option of going into surgery
because the main procedure that doctors suggest is UPPP. As mentioned in section 5,
UPPP is a high invasive surgical method that cuts away at the uvula, the soft palate, and a
lot of tissue in the surrounding area to make space for the airway. UPPP can become
costly as the recovery time from the surgery can have patients stay in their hospital bed
for a lengthy period of time. This leads to a majority of OSA patients prescribing CPAP.
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CPAP is a very effective method when used correctly, but many patients are not
compliant with CPAP every night. The machine is very loud and bulky making very
uncomfortable. Due to the lack of compliance amongst CPAP users there is significant
population of OSA sufferers that are undertreated.
The design of our minimally invasive hyoid suspend device would attempt to decrease
the untreated population. From our literature review, we learned that untreated and
undertreated obstructive sleep apnea could lead to a major chronic health issues that can
eventually lead to death. Our device will be able to ameliorate problems that could
impact a signification portion of the patients diagnosed with OSA
16.5 Environment
The device will not have too much of an environmental impact in the scope of our
project. However, if the manufacturing of the device became wide-scale, we would have
to consider the emission from the factory producing the replicas of the design. Recycled
plastics can be used to make recycled ABS, which is beneficial in saving materials when
mass-producing the final product.

17 SUMMARY AND CONCLUSIONS
17.1 Conclusion
Obstructive sleep apnea is a critical condition in which a patient experiences at least 30
pauses in sleep over the period of an hour. OSA currently affects one in five adults and
has the potential market growth to be a six billion dollar industry by 2019. Some of the
current treatment options include CPAP, oral appliances, and uvulopalatopharyngoplasty
(UPPP). There are currently 1.3 million patient that are surgical candidates for OSA and
1.5 million patients that go untreated or undertreated for their symptoms.
Our main focus as a group was to design a suture passing device that is minimally
invasive and highly effective in attempt to reduce the undertreated population. When
looking at our design inputs with our industry advisor at Siesta Medical, we saw multiple
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criteria that needed to be improved for the device. The device was to have an increased
output force, easy to use, and reliable. The most important consideration while
brainstorming the design input was to utilize Siesta Medical’s Encore suture passer and
adapt it into our new design. This was to ensure cost effective method when it came to
manufacturing the device.
The final design incorporated the Encore suture passer to push a curved hypodermic
stainless steel needle across a gap where the hyoid bone would be. The curved needle
would have a crimped incision to lock the nitinol ribbon in place. A suture wire will sit
on the slit in the needle. The curved needle would be placed in the needle housing
structure to effectively guide the needle through the catching window to catch the suture.
For our qualitative tests, the suture passer went under functional testing to determine if
the device could work in representative tissue environments. The first benchmark was to
get the device to pass through a foam ball. The second benchmark was to pass a suture
through a transparent ballistic gel, which gave insight to where some of the mechanical
failures occurred in the earlier prototypes. The next checkpoint was to pass the suture
through cow tendon, and final checkpoint was to pass the device through a human
cadaver.
To prove the device could consistently and effective pass in representative tissue, output
force tests were conducted in cow tendon to quantify how much force it would take to
pierce cow tendon. The piercing force from that test would be the minimum requirement
to determine a successful suture pass. To assess the reliability and device performance,
the three best prototypes were tested 30 times to observe the max force output at the apex
of the needle track. From these results, we could statistically prove our device works in
representative tissue.
All in all, our device met a clinical need in displacing a suture around the hyoid bone in a
minimally invasive fashion that is cost effective in hyoid suspension surgery.
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17.2 Future Work
Our project was successful in the sense that met our goal in creating an effective and
consistent suture passer. However there some features of our device we could have finetuned if we had more time to make more prototypes to perfect our procedure. Our device
would perform more consistently if there were an increase in displacement when the
needle travels past the suture catching window. Reducing the size of the housing would
make the procedure even less invasive that it already is.
Since the suture passer is a class I device, it exempt from 510k requirement since it is
considered a pre-amended device that hasn’t been significantly modified. From here, our
group would look into patenting our modification to the patent already held by Siesta
Medical outlining the basis tongue suspension system.\
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19 APPENDIX
Appendix A: Needle Product Specifications

Appendix B: Manufacture Needle Housing Specifications
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Appendix C: Budget Table
Item

Use

Quantity

Stainless Steel 304 Hypodermic

Creation

Tubing

of Needle

Cost

Total Cost

2

$27.95

$55.90

2

$13.53

$27.06

Creation
Stainless Steel Wire

of Needle
Function

Cow Tendon

Testing

1

$7.17

$7.17

Machined Prototype 8

Device

1

$300.95

$300.95

Machined Prototype 9

Device

1

$321.60

$321.60

Total
Expenses
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$712.68

